We searched quasar spectra from the SDSS-III Baryon Oscillation Spectroscopic Survey (BOSS) for the rare occurrences where a strong damped Lyman-alpha absorber (DLA) blocks the Broad Line Region emission from the quasar and acts as a natural coronagraph to reveal narrow Lyα emission from the host galaxy. We define a statistical sample of 31 DLAs in Data Release 9 (DR9) with log N(H i) ≥ 21.3 cm −2 located at less than 1 500 km s −1 from the quasar redshift. In 25% (8) of these DLAs, a strong narrow Lyα emission line is observed with flux ∼25×10 −17 erg s −1 cm −2 on average. For DLAs without this feature in their troughs, the average 3-σ upper limit is < 0.8 × 10 −17 erg s −1 cm −2 . Our statistical sample is nearly 2.5 times larger than the anticipated number of intervening DLAs in DR9 within 1 500 km s −1 of the quasar redshift. We also define a sample of 26 DLAs from DR9 and DR10 with narrow Lyα emission detected and no limit on the H i column density to better characterize properties of the host galaxy emission. Analyzing the statistical sample, we do not find substantial differences in the kinematics, metals, or reddening for the two populations with and without emission detected. The highly symmetric narrow Lyα emission line profile centered in the HI trough indicates that the emitting region is separate from the absorber. The luminosity of the narrow Lyα emission peaks is intermediate between that of Lyman-alpha emitters and radio galaxies, implying that the Lyα emission is predominantly due to ionizing radiation from the AGN. Galaxies neighboring the quasar host are likely responsible for the majority (> 75%) of these DLAs, with only a minority (< 25%) arising from H i clouds located in the AGN host galaxy.
Introduction
Quasar host galaxy properties may provide important constraints on active galactic nucleus (AGN) feedback mechanisms (Cattaneo et al. 2009; Fabian 2012 ) and information to better understand the relationship between the growth of the central black hole and the growth of the galaxy (e.g. Ferrarese & Merritt 2000) . The black hole mass, M BH , scales with the stellar mass in the host bulge, M bulge , and the stellar velocity dispersion, σ, linking galaxies' star formation history to the evolution of their supermassive black holes (Gebhardt et al. 2000) . The bulk of star formation in the bulge may occur simultaneously with the maximum black hole growth (Lutz et al. 2008) , since both processes rely on reservoirs of gas brought to the center by gas-rich mergers and disk instabilities. The growth phase ends when no gas remains, if, for example, star formation consumes all the gas. Alternatively, the AGN may blow the gas outside its host galaxy (Fabian et al. 2006) , curtailing star formation. In this case, the AGN must have sufficient luminosity for the radiation-pressure force outwards to exceed the gravitational force inwards. Untangling the black hole growth and star formation processes is crucial for explaining how galaxies arrive at their present-epoch characteristics.
For nearby quasar host galaxies, it is possible to obtain detailed observations. Using an integral-field spectrograph, Davis et al. (2012) traced the kinematics of ionized gas and identified an AGN-driven outflow disrupting the star-forming gas in NGC 1266 (D = 30 Mpc). Similar studies of nearby quasars are abundant enough to permit a statistical analysis of the M BH -M bulge , M BH -σ, and M BH -L scaling relations in samples compiled from the literature (Gültekin et al. 2009; Graham et al. 2011; McConnell & Ma 2013) . The challenge of resolving quasar host galaxies can be overcome at z < 0.5 with deep ground-based imaging (Kotilainen et al. 2013 ; see also Márquez et al. 2001) , at z ≈ 1 and z ≈ 2 with Hubble Space Telescope imaging (Floyd et al. 2013) , and at z ≈ 2 − 3 with adaptive optics (Falomo et al. 2008; Wang, Y. P. et al. 2013) . Targeting gravitationally lensed quasars is a particularly effective method for obtaining host galaxy properties at high redshift, up to z = 4.5 Peng et al. (2006a,b) . These observations at different epochs provide essential constraints on the evolution of quasar host galaxies.
Millimeter astronomy has been essential for probing quasar host galaxies at higher redshifts.
The detection of CO emission in the z = 4.7 quasar BR120-0725 (Omont et al. 1996) , along with continuum emission due to dust, confirmed that high-redshift quasars are associated with galaxies. This same quasar host galaxy also shows strong Lyα emission , indicating enhanced star formation or elevated ionization from the quasar flux. Recent observations with the Atacama Large Millimeter/submillimeter Array (ALMA; Wootten & Thompson 2009) of [C ii] line emission in the BR120-0725 host galaxy suggest an outflow of gas ionized by the quasar (Wagg et al. 2012) . At this early epoch, quasar hosts have both vigorous star formation and central black holes that accrete at the Eddington limit (Wang, R. et al. 2013) . Comparing the star formation rate to the black hole accretion rate indicates which process is dominant. For example, Willott et al. (2013) found that the z ∼ 6.4 quasar host galaxy J2329-0301 has an uncharacteristically low ratio of star formation to black hole accretion, implying that the quasar has shut off star formation in the galaxy, potentially by photo-ionizing the diffuse gas. Indeed, this quasar has extended Lyα emission across at least 15 kpc (Goto et al. 2009; Willott et al. 2011) .
At the z = 2 − 3 epoch, when the quasar luminosity function peaks (e.g., Richards et al. 2006) , spectroscopy remains the best tool for investigating host galaxies. An ultra-deep, blind, spectroscopic long-slit survey revealed a young stellar population in the host galaxy of a z = 3.045 quasar, the formation of which coincides with the quasar activity (Rauch et al. 2013) . With spectroscopy, it is also possible to study absorption systems, such as associated narrow absorption lines (NALs) , that probe the gaseous environments close to quasars. Associated NAL systems at z ∼ 2.4 tend to have solar or super-solar metallicities and potentially arise from AGN-driven outflows of gas from the interstellar medium (ISM; Petitjean et al. 1994; D'Odorico et al. 2004) . However, it is difficult to differentiate between gas associated with the AGN, gas from the ISM of the host galaxy, and gas located in galaxies clustered around the AGN host galaxy that is revealed by proximate damped Lyman-alpha absorption systems (DLAs). Sixteen such systems at similarly high redshifts and within ∆v < 3 000 km s −1 of their background quasar have sub-solar metallicities (Ellison et al. 2010) .
In a newly exploited technique for accessing the quasar host galaxy, DLAs at the redshift of the quasar, hereafter called associated DLAs, can act as natural coronagraphs, completely absorbing the broad Lyα emission from the central AGN. In the absence of broad Lyα emission, it is possible to observe a narrow Lyα emission line from a source at approximately the same redshift as the quasar in the DLA trough. For this situation to occur, the absorber must cover the ∼1 pc Broad Line Region (BLR) without also obscuring extended Lyα emission, which can be a result of both UV flux from the AGN that ionizes surrounding gas in the Narrow Line Region (NLR) and star formation activity within the host galaxy. A striking individual detection of this phenomenon is presented in Hennawi et al. (2009) ; the four other previous detections of narrow Lyα emission in the trough of a DLA near the quasar redshift all have lower Lyα luminosities (Møller & Warren 1993; Møller et al. 1998; Pettini et al. 1995; Ellison et al. 2002) .
The serendipitous alignment of a DLA absorber along the quasar line-of-sight near enough to the host galaxy to reveal narrow Lyα emission in the DLA trough is a rare occurrence. Ellison et al. (2011) exploited the statistical power of the Sloan Digital Sky Survey (SDSS; York et al. 2000) to investigate the characteristics of ∆v < 10 000 km s −1 proximate DLA absorbers in a sample compiled from Data Release 5 (Adelman-McCarthy et al. 2007 ). Only one DLA in the sample revealed narrow Lyα emission (reported in Hennawi et al. 2009 ), and no emission signal was seen in the stacked spectrum of 29 ∆v ≤ 3 000 km s −1 DLAs. Thanks to the increased sample size of quasar spectra in the SDSS-III (Eisenstein et al. 2011 ) Baryon Oscillation Spectroscopic Survey (BOSS, Dawson et al. 2013) , several associated DLAs with unprecedentedly strong narrow Lyα emission superimposed on their troughs were discovered. In this article, we construct a statistical sample of associated DLAs from the SDSS Data Release 9 (DR9; Ahn et al. 2012) . We study the emission and absorption properties of systems in our sample with the goal of characterizing any differences between the populations with and without emission detected in the BOSS spectra. We also characterize the emission properties of a sample of associated DLAs that reveal narrow Lyα emission identified thus far in the survey by visual inspection.
Section 2 describes the definition of a complete statistical sample. We then calculate how many intervening DLAs we expect to find at the quasar redshift and consider the possibility of an overdensity (Section 3). Sections 4 and 5 respectively characterize the two DLA populations and the emission properties. In Section 6, we present several associated DLAs with a covering factor unequal to one and consider the implications. We discuss the results in the context of our two-population scenario in Section 7.
We use a ΛCDM cosmology with Ω Λ = 0.73, Ω m = 0.27, and H 0 = 70 km s −1 Mpc −1 (Komatsu et al. 2011 ).
Sample Definition

Strong associated DLAs
The quasar lines-of-sight were observed as part of SDSS-III BOSS. From 2009 From -2014 , this survey will take spectra of over 150 000 quasars at z ∼ 2.5 and 1.5 million galaxies at z ∼ 0.7 with the primary goal of detecting baryon acoustic oscillations at different cosmological times. A dedicated 2.5 m telescope (Gunn et al. 2006) conducts the imaging and spectroscopy. SDSS-III uses the same camera (Gunn et al. 1998) as its predecessor surveys (York et al. 2000) to obtain images in five broad bands, ugriz (Fukugita et al. 1996) . Twin multiobject fiber spectrographs designed for BOSS collectively span ∼3 600 -10 000 Å with cameras individually optimized for observing at blue and red wavelengths (Smee et al. 2012) . Their resolving power varies from ∼1500 -3000 across the wavelength range, such that the instrument velocity dispersion is consistently ∼150 km s −1 . Bolton et al. (2012) describe the spectroscopic data reduction pipeline.
The Data Release 9 Quasar (DR9Q) catalog (Pâris et al. 2012 ) includes 87 822 quasars detected over 3 275 deg 2 , 61 931 of which are at z > 2.15. A combination of target selection methods (Ross et al. 2012 ) achieved this high surface density of high-redshift quasars. The spectra are publicly available as part of DR9. Noterdaeme et al. (2012b, hereafter N12) provide a catalog of DLAs and sub-DLAs with log N(H i) ≥ 20.0 detected from an automatic search along the DR9Q lines-of-sight. We use an extended version of the N12 catalog that includes automatic detections up to +3 000 km s −1 beyond the quasar redshift. We select strong associated DLAs so that the Lyα trough is large enough to completely mask the broad Lyα emission line from the quasar (Figure 1 ). To gather candidates for a statistical sample of these strong associated DLAs, we search the 1200 1300 1400 1500 1600 1700 1800 1900 Rest Wavelength [ extended N12 catalog for DLAs that are within ±3 000 km s −1 of the quasar, have log N(H i) ≥ 21.2, and arise in linesof-sight with balnicity index zero and BAL_FLAG_VI=0 (see Weymann et al. (1991) for a discussion of the balnicity index). We exclude quasar spectra with Broad Absorption Lines (BALs), since they could blend with the DLA and contaminate our H i column density measurements. N12 uses quasar redshifts assigned during the visual inspection, which have an uncertainty of about 500 km s −1 (Pâris et al. 2012) . Due to this uncertainty on the quasar redshift, we allow the velocity difference limit to extend redward of the quasar, so as not to miss any associated DLAs by stopping the automatic search at the quasar redshift. The column density lower limit was chosen because the zerolevel in the trough of the Voigt profile fit spans 1 000 km s −1 for log N(H i) ≥ 21.2. Extending to lower column densities would obscure our ability to clearly detect Lyα emission from the host galaxy in the trough. Applying these criteria returns 41 DLAs.
When an associated DLA reveals strong narrow Lyα emission, the N12 automatic search may wrongly identify two consecutive DLAs. To recover these split DLAs, the extended N12 catalog is searched for lines-of-sight that have more than one DLA detected within ±3 000 km s −1 of the quasar, balnicity index zero and BAL_FLAG_VI=0. No limit is placed on the column density. Potential split DLAs must be confirmed by visually examining the associated metal absorption lines. Genuine split DLAs have one set of absorption lines that approximately align with the narrow Lyα emission peak, whereas two sets of metal lines are present for consecutive DLAs. This procedure finds 9 associated DLAs split by narrow Lyα emission, bringing the total number of log N(H i) ≥ 21.2 DLAs within ±3 000 km s −1 of the quasar to 50.
Measuring DLA column densities and emissions
The zero-level in BOSS spectra tends to be slightly higher than the true zero (Pâris et al. 2012) ; this can impact the column density measurement for DLAs (Figure 2 ). Using the Voigt profile fit to the DLA, we identify the zero-flux density region in the DLA trough and calculate the average spectral flux density across these pixels to determine the zero-level offset for each spectrum. We correct the observed spectral flux density with this offset, ensuring that the spectral flux density is truly at zero in the DLA trough.
Column densities were re-measured for all DLAs according to the following process. Associated low-ionization transitions redwards of Lyα are identified and fitted as an absorption system to obtain the DLA redshift. For all absorption line fits we use the VPFIT package 1 . If narrow Lyα emission is present in the DLA, the peak is fitted with a Gaussian profile and removed (Figure 3, top) . A template spectrum from the mean principal component analysis (PCA) quasar continuum (Pâris et al. 2011 ) is adjusted with a power-law fit to each spectrum and scaled to provide the quasar continuum near the Lyα emission line (Figure 3, center) . The column density is measured from the normalized spectrum by fitting the DLA with the redshift fixed to the value measured from the metals (Figure 3, bottom) . Column density errors are on the order of 0.1 dex. Figure 4 shows the resultant column density distribution in our sample. The absorption system redshift and the H i column density are listed in Table 1 .
The noise level in the spectrum is the 1-σ error on the spectral flux density. We have checked that the noise level is consistent with the scatter in the bottom of the DLA troughs by examining five DLAs with noise levels σ < 0.3×10 −17 erg s
where narrow Lyα emission is not detected ( Figure 5 ). The average noise level for 217 pixels from the five DLAs is σ = 0.233 × 10 −17 erg s −1 cm −2 Å −1 with 0.030×10 −17 erg s −1 cm −2 Å −1 standard deviation. The BOSS pixel size increases logarithmically from 0.82 to 2.39 Å over the wavelength range 3610 -10 140 Å (Pâris et al. 2012) , such that the pixel size is ∼1 Å at the typical observed wavelength for our DLAs, ∼4000 Å. The σ value from the Gaussian fit to the spectral flux density distribution, 0.232 × 10 −17 erg s −1 cm −2 Å −1 , is in excellent agreement with the average observed noise level.
We define the n-σ detection level for the narrow Lyα emission (prior to its removal) as:
where N pix is the number of pixels within 3-σ (1.27 FWHM) of the Gaussian fit. The average spectral flux density, f λ , and average error, Err , are calculated for the pixels within this range. While we can determine Gaussian fits for narrow Lyα emission down to the ∼2-σ level, we are confident about emission features detected at and above 4-σ. The DLAs that have ≥ 4-σ narrow Lyα emission detections are shaded in cyan in Figure 4 .
The Statistical Sample
The typical 1-σ column density error in the N12 catalog is 0.20 dex. Since our more precise column density estimates do not differ from the automatic detections by more than this error, we consider that our associated DLA sample is complete for systems with log N(H i) ≥ 21.3. The shape of the column density distribution (Figure 4 ) further justifies this cut-off. We impose a velocity difference limit of ∆v = 1 500 km s −1 (stricter than the initial search criteria), which excludes one DLA with log N(H i) ≥ 21.3 that is 2 530 km s −1 below the PCA quasar redshift. (See section 4.2 for a discussion of kinematics.) The statistical sample includes 31 DLAs that are within 1 500 km s −1 of the quasar and have log N(H i) ≥ 21.3.
The properties of these DLAs can be used to statistically look for differences between the systems that reveal narrow Lyα emission (detected at the 4-σ level, 8 DLAs) and those that do not.
The Emission Properties Sample
To characterize the properties of the narrow Lyα emission features, we examine all lines-of-sight for which the emission is detected at 4-σ, regardless of the DLA column density. We supplement the DR9 sample with additional cases of DLAs revealing narrow Lyα emission identified during the visual inspection of quasars for DR10 ). Twenty-six DLAs are included in the emission sample. Although this dataset is not complete, it is currently the best possible sample for studying the narrow Lyα emission properties. Figure 6 compares the redshift distributions for quasars in the statistical sample and DR9. The most noticeable difference is a possible excess of quasars at z = 3.0 − 3.2 in the statistical sample. The peak in probability density is also flatter for the statistical sample than for the DR9 quasars. Otherwise, the redshift distribution for quasars in the statistical sample generally follows that of the DR9 quasars. Based on a Kolmogorov-Smirnov test, it is 68% likely that the two distributions are the same. A K-S test comparing the eight quasars in the statistical sample that have detected narrow Lyα emission with the DR9 quasars indicates that it is 26% likely the two populations come from the same distribution. The quasar redshift distribution also shows that there is no preferred redshift for DLAs that reveal narrow Lyα emission.
The Redshift Distribution
Anticipated Number of Intervening DLA Systems within 1 500 km s −1 of zQSO
We explore the possibility of an overdensity of DLAs at the quasar redshift by calculating the anticipated number of intervening DLAs with ∆v ≤ 1 500 km s −1 in DR9 and comparing this result to the number observed in our statistical sample of associated DLAs.
Anticipated Number in DR9
The absorption path is given by: path for each of the 55 679 quasar lines-of-sight gives the total absorption path, ∆χ.
We use the
for N H i ≥ 10 21.3 cm −2 , since our statistical sample is complete above this column density. The expected number of DLAs is then N DLA = N DLA dχ ∆χ, which predicts 12.93 associated DLAs in DR9.
The Effect of Clustering near Quasars
If the number density of associated DLAs is the same as that of intervening DLAs, then we anticipate finding ∼13 associated DLAs with log N(H i) ≥ 21.3 in DR9. Our statistical sample contains 31 such DLAs, more than twice as many as expected. This observed overdensity can be attributed to the clustering properties of DLAs around quasars. It is well known that quasars occur in overdense regions. Measurements of quasar clustering, which is more pronounced at higher redshifts (Croom et al. 2005) , indicate that a quasar is likely to be part of a group of galaxies. It has also been shown that an overdensity of neutral gas is present within ∼10 Mpc of the quasar (Guimarães et al. 2007; Font-Ribera et al. 2013 ). Not surprisingly, the incidence of DLAs within 3 000 km s −1 of the quasar is ∼2-4 times higher than that of intervening DLAs (Ellison et al. 2010) . The number of associated DLAs that we observe is therefore consistent with what we expect due to clustering around the quasar host galaxy.
Characterizing the Statistical Sample
Scenario
The statistical sample breaks into two populations: associated DLAs that reveal narrow Lyα emission at more than the 4-σ level (8) and those with no emission detected at this level (23). The first category is such an unusual occurrence that we investigate whether these DLAs have specific properties.
We would like to test the hypothesis that the absorbers giving rise to associated DLAs with narrow Lyα emission superimposed on their troughs are intrinsically different than the absorbers responsible for the associated DLAs where no emission is detected. Narrow Lyα emission appears in the DLA trough only if the absorber blocks the ∼1 pc BLR without also covering more extended sources of Lyα emission, such as the NLR or starforming regions. When no Lyα emission is observed, a galaxy near to the quasar host is likely acting as a screen, blocking the BLR, NLR, and any extended emission regions.
The impact parameters for ten confirmed z 2 galaxy counterparts to intervening DLAs are all on the order of ten kiloparsecs (Krogager et al. 2012) . For very high column densities, such as those observed in our sample, impact parameters could be even smaller (e.g. Noterdaeme et al. 2012a) . A neighboring galaxy would be sufficiently extended to obscure Lyα emission from the quasar host, but the absorber that allows narrow Lyα emission to pass unobscured must have a more compact size. Hennawi et al. (2009) suggest that the associated DLA towards SDSS J1240+1455 with a narrow Lyα emission peak could arise from small (∼10 pc), dense (n H ∼ 100 cm −3 ) clouds of neutral hydrogen in the quasar host galaxy. Further supporting the idea that not all associated absorptions are due to galaxies clustered near the quasar host, Wild et al. (2008) found that upwards of 40% of 1.6 < z < 4 ∆v ≤ 3 000 km s −1 C iv absorbers are directly related to the quasar. We likewise propose that the DLAs revealing narrow Lyα emission are due to dense clouds of neutral hydrogen in the quasar host galaxy. Kolmogorov-Smirnov tests comparing the DLAs with and without detected narrow Lyα emission using the rest equivalent widths for C ii -1334 Å, Si ii -1526 Å, Al ii -1670 Å, and Fe ii -2344 Å absorption features. A black line traces the W 0 distribution for DLAs with narrow Lyα emission detected, and a thick colored line indicates the W 0 distribution for those without an emission detection. The K-S test statistic, D, gives the maximum vertical distance between the two distributions, and the P-value is the probability that the two distributions are drawn from the same population.
Kinematics
narrow Lyα emission (Figure 7 ). For both populations, nearly all DLAs fall within 1 200 km s −1 of the quasar. The main uncertainty when studying the kinematics is that the quasar redshift is not well known. More than half of the DLAs appear to be at higher redshifts than the quasars (systems with positive velocity difference in Figure 7 ), which could indicate infalling absorbers. However, positive velocity differences are consistent with a known tendency for the PCA redshifts to be slightly bluer than the true quasar redshift (Pâris et al. 2012 ).
Metals
The rest equivalent width, W 0 , of various metal transitions, C ii -1334 Å, Si ii -1526 Å, Al ii -1670 Å, and Fe ii -2344 Å, are measured for each DLA in the sample. These absorption features were chosen because they are typically not blended or redshifted out of the spectrum. The signal-to-noise ratio (S/N) is The equivalent width ratio W 0, Fe ii W 0, C ii , is plotted as a function of W 0, C ii . DLAs where narrow Lyα is detected are marked by blue circles, and DLAs without a 4-σ detection are marked by red triangles. Filled symbols indicate that W 0 is measured from the fit to the absorption line, and empty symbols indicate that W 0 is estimated from the flux. One spectrum has flux problems at the location of the C ii -1334 Å absorption, and Fe ii -2344 Å is redshifted out of the spectrum in two cases. Twenty-nine of the 31 DLAs in the statistical sample are plotted here, 7 with an emission detection and 22 without. also best at wavelengths redward of Lyα. However, sky subtraction problems start to become noticeable after 7500 Å, and in some spectra the Fe ii lines are subject to additional noise. Table 2 gives W 0 values measured from a fixed-redshift Voigt profile fit to the absorption system (referred to as "Fit" in the Table) . A second estimate of W 0 is directly measured from the normalized flux by integrating over the line profile (referred to as "F " in the Table) . We include both estimates of W 0 because of local problems in the spectra and/or complex blends that are difficult to disentangle at the spectral resolution and S/N typical of BOSS data. The error on W 0 is calculated using the error on the normalized flux across the six innermost pixels.
We performed a two-distribution K-S test with W 0 for the populations where emission is and is not detected (Figure 8 ). In general, the largest W 0 values are observed in systems where no emission is detected. However, the C ii -1334 Å and Fe ii -2344 Å distributions each have a strong absorption in a DLA system with emission detected. Overall, the W 0 values are less than ∼67% likely to come from the same population. The maximum distance parameter is largest for Fe ii -2344 Å, and for this absorption feature the probability that the populations are the same is only 33%.
Since most of these absorption features are saturated, it is reasonable to assume that W 0 is related to the width of the lines and not to column densities. Keeping this in mind, we nonetheless plot W 0, Fe ii W 0, C ii versus W 0, C ii ( Figure 9 ) to investigate any indication of species depleting onto dust grains. While some depletion is expected for C ii, Fe ii is expected to be ∼50 times more depleted (Welty et al. 1999) . The equivalent width ratios appear to decrease with increasing W 0, C ii . A linear fit indicates a slope of −0.39 ± 0.07 Å −1 and a y-intercept of 1.74 ± 0.15. The systems where narrow Lyα emission is detected consistently have lower W 0, Fe ii W 0, C ii than the systems without a detection at the same W 0, C ii . We should be careful when interpreting this, but if the W 0, Fe ii W 0, C ii is related to depletion then this would indicate that dust content is stronger in DLAs showing emission. Although somewhat surprising, this would at least support the idea that the gas in the DLA is not directly related to the Lyα emitting gas. Any correlations may become clearer with column densities, rather than W 0 , but the BOSS spectral resolution and S/N are too low to permit this measurement.
Reddening
We explore reddening of the quasar spectra due to dust absorption from the associated DLAs by comparing their colors to the general population of quasars. All but one of the associated Figure 10 shows the r-z color as a function of z QSO and the right panel gives the distribution for color bins. Quasar spectra with an associated DLA and narrow Lyα emission are nearly all redder than the average r-z color for DR9 quasars with no DLA along their line-of-sight, while the r-z colors for associated DLAs without a narrow Lyα detection are more dispersed. The distribution reveals that the associated DLAs, both with and without an emission detection, have redder average r-z colors than the DR9 comparison quasars. A K-S test indicates that the associated DLAs with (without) narrow Lyα emission detected have a 3% (36%) probability of arising from the same r-z color distribution as the DR9 comparison quasars, and the associated DLAs with an emission detection have a 21% probability of arising from the same distribution as the associated DLAs without a detection. A larger sample size would be needed to confirm that these are truly distinct populations.
We fit the quasar spectra with a Small Magellanic Cloud (SMC) reddening law template (Gordon et al. 2003) to further investigate potential differences between the associated DLAs that reveal narrow Lyα emission and those that do not. The SMC extinction curve is the best fit for the majority of the spectra, because they lack the 2175 Å bump characteristic of Large Magellanic Cloud or Milky Way extinction curves. In the E(B-V) reddening distribution (Figure 11 ), the most reddened systems (E(B-V) > 0.05) do not have a narrow Lyα emission detection. Otherwise, the distributions are similar for the two populations, and they are both consistent with no reddening on average.
Characterizing the Narrow Lyα Emission
In order to explore the properties of the narrow Lyα emission detected in the troughs of associated DLAs, we analyze the sample described in Section 2.4.
We fit a Gaussian profile to each narrow Lyα emission peak and derive z Lyα , the integrated flux (IF), and the luminosity from the fit parameters. The integrated flux is calculated by summing the spectral flux density in the region within 3-σ of the Gaussian fit center (1.27 FWHM We estimate the luminosity using the integrated flux and the luminosity distance calculated for z Lyα . In Figure 12 , we examine properties of the DLA, quasar, and emission peak as a function of the integrated flux and the luminosity.
Correlation with other properties
The H i column density increases mildly with integrated flux (Figure 12, left ). An outlier with log N(H i) ≈ 20.8 has moderate Lyα emission, and none of the log N(H i) < 21.3 DLAs show strong Lyα emission. The quasar absolute luminosity, indicated by M i [z = 2], is calculated using the K-correction process outlined in Richards et al. (2006) , with α ν = −0.5 and H0 = 70 kms −1 Mpc −1 . No trend is apparent for the quasar absolute luminosity versus Lyα emission luminosity (Figure 12, center) . The FWHM from the Gaussian fit to the narrow Lyα emission peak is deconvolved from the BOSS spectrograph velocity resolution, 150 km s −1 , and the error depends on the error for the fit to the Gaussian σ parameter. Two narrow Lyα emission peaks have FWHM > 1 100 km s −1 . Only one point at FWHM = 662 km s −1 with a large uncertainty falls between ∼ 600 km s −1 and ∼ 850 km s −1 . Figure 13 shows the quasar absolute luminosity as a function of the FWHM. Narrow Lyα emission peaks with FWHM 660 km s 
Position and profile of the emission line
The center of the Gaussian fit to the narrow Lyα emission provides the Lyα emission redshift, z Lyα . The velocity difference distribution for z Lyα with respect to z DLA reveals that the narrow Lyα emission is within ±500 km s −1 of the DLA for the majority of systems (Figure 14) . The narrow Lyα emission peaks are blueshifted and redshifted in nearly equal numbers, and the mean velocity difference is 45 km s −1 . Figures 15 and 16 show the combined spectra for the associated DLAs with strong and moderate narrow Lyα emission, respectively. The emission is symmetric, in contrast to the asymmetric line profile characteristic of Lyman Break Galaxies (LBGs; Tapken et al. 2007 ). This indicates that there is no H i gas in front of the emitting region to absorb the emitted Lyα photons. Small H i clouds in the host galaxy can explain the presence of the associated DLAs and also the symmetric narrow Lyα emission. Neutral hydrogen is located in front of the quasar lineof-sight, but does not fully cover the NLR or extended emission regions. Figure 17 presents the combined spectrum for the associated DLAs where the 4-σ upper limit on the integrated flux is ≤ 5.5 × 10 −17 erg s −1 cm −2 . At the 3-σ level, no Lyα emission is detected in the combined spectrum down to 0.79 × 10 −17 erg cm −2 s −1 , which is surprising for such bright quasars. This implies that the entire host galaxy must be covered by a screen of gas unrelated to its own composition. We speculate that an independent nearby galaxy acts as a screen and blocks the Lyα emission from the quasar host galaxy.
Comparison with Lyman Break Galaxies
The narrow Lyα emission peaks superimposed on the troughs of associated DLAs can be compared with LBGs, which typically have redshifted emission and blueshifted absorption features at the Lyα transition. In LBGs, star-forming regions that emit Lyα photons are surrounded by H i gas. The Lyα photons are most likely to escape the galaxy when they scatter off of gas that is redshifted with respect to the emitting region. ). The spectral flux density zerolevel is corrected, and the spectra are combined with an inverse variance weighted average. Shapley et al. (2003) analyzed spectra from 811 LBGs at z ∼ 3, and found that the average velocity difference between Lyα emission and low ionization interstellar absorption is 650 km s −1 . The deconvolved Lyα emission FWHM measured from a composite spectrum of the LBG sample, 450 ± 150 km s −1 , is in the range of deconvolved FWHM values measured for the narrow Lyα emission peaks observed in the associated DLAs. However, the FWHM values for this later category indicate two populations of Lyα emission peaks, one of which is comparable to and another that is more than twice as wide as the average FWHM observed in LBGs. The Lyα emission in LBGs also varies with UV luminosity: fainter galaxies have larger Lyα emission equivalent widths than brighter galaxies. No such trend is identified for the associated DLAs.
The narrow Lyα emission peaks revealed by associated DLAs are not systematically redshifted like those in LBGs. This, along with the symmetric emission peak profiles, is clear evidence that the emission is not significantly scattered and there- and N(H i) ≥ 21.3. The spectral flux density zero-level is corrected, and the spectra are combined with an inverse variance weighted average.
fore that the emitting region is relatively void of H i gas. Lyα emission features in LBGs and associated DLAs appear to have different properties. The absorbing gas that gives rise to an associated DLA is separate from the emission region.
Comparison with Lyman-Alpha Emitters
Lyman-alpha emitters (LAEs) are objects detected on the basis of their Lyα emission. Their emission is primarily due to star formation, since these galaxies typically have negligible AGN activity except at the highest luminosities (log L > 43.5 erg s −1 , see Ouchi et al. 2008; Overzier et al. 2013 ). We therefore expect the luminosities for our sample of narrow Lyα emission Distribution of Lyα emission luminosities for our sample (thick cyan), LAEs (magenta), and radio galaxies (filled yellow). Cross-hatched magenta shading denotes LAEs that have an AGN contribution (3). Cyan shading indicates quasars in our sample that are also radio-loud (4). The inset shows the K-S test cumulative fraction out to 120 × 10 42 erg s −1 with the same color scheme. The cumulative fraction distribution is scaled for a comparison between our sample and LAEs and is truncated for the radio galaxies.
peaks detected by using DLAs as coronagraphs to be consistently higher than what is observed in LAEs, due to the AGN ionizing gas in its host galaxy. Figure 18 compares the luminosities of our narrow Lyα emission peaks and a complete sample of 41 z ∼ 3.1 LAEs from Ouchi et al. (2008) , three of which have an AGN contribution. The majority of the LAEs have a luminosity less than 10 43 erg s −1 . Although the luminosity distributions overlap, the two populations are only 0.85% likely to come from the same distribution, based on a K-S test ( Figure  18 , inset). Ionizing radiation from the AGN increases the average luminosity of Lyα emission in our sample beyond what is typically observed in LAEs. However, the luminosity distribution overlap indicates that the covering factor is significant for the NLR in approximately half of the quasar host galaxies in our sample with narrow Lyα emission detected. This favors the idea that the majority of associated DLAs (∼ 3/4) are extended and probably due to galaxies neighboring the quasar host. Only the most luminous Lyα emission peaks, where the high luminosity implies a low covering factor for the NLR, support the idea of compact associated DLAs.
Comparison with Radio Galaxies
Radio galaxies are known to be surrounded by extended Lyα nebulosities (van Breugel et al. 2006 ). The AGN is hidden, and consequently most of the emission is from surrounding gas ionized by the central AGN. Some radio galaxies also exhibit Lyα absorption but with H i column densities lower than those in our sample (Rottgering et al. 1995) . We therefore compare the Lyα emission detected in our sample to that of 61 2.0 ≤ z ≤ 3.5 radio galaxies from the De Breuck et al. (2000) sample. The luminosities from our sample coincide in part with the luminosity distribution for radio galaxies, overlapping at moderate luminosities. However, the radio galaxy luminosities extend well beyond even the highest luminosity Lyα emission peak detected in our sam-ple (Figure 18 ). It is not surprising that the radio galaxies have Lyα luminosities that surpass the luminosities we measure from narrow Lyα emission in quasar host galaxies, since the radio jet sends a huge amount of energy across several tens of kiloparsecs and provokes far-ranging Lyα emission. In quasar host galaxies, the AGN influence is predominantly at the heart of the galaxy in the NLR.
DLAs with partial coverage
If the DLA does not cover the whole BLR entirely, then some residual flux (apart from the narrow Lyα emission) could be seen in the bottom of the Lyα trough. Estimating the exact value of the spectral flux density in the DLA trough is difficult, since the zero-level is not well-defined in SDSS spectra (Pâris et al. 2011 (Pâris et al. , 2012 .
In a few specific cases, however, we are able to demonstrate that some residual flux is indeed present and not due to data calibration errors. The covering factor appears to be less than one for several associated DLAs. The troughs of three DLAs with detected narrow Lyα emission are well-above zero at their bottoms, while their associated Lyβ absorptions are consistent with zero within errors (Figure 19 ). The bottoms of the DLA troughs are flat, even though they are not at zero. Some BLR flux is probably transmitted, raising the spectral flux density level in the DLA and Lyβ absorptions. However, since the BLR Lyβ flux is more than five times weaker than the Lyα flux (Vanden Berk et al. 2001) , this effect on the Lyβ absorption is lost in the noise. If the nonzero DLA trough were due to quasar continuum emission, which follows a power law, we would expect the Lyβ absorption to also be clearly above zero. The observations indicate that the covering factor is less than one for these DLAs.
Alternatively, if the BLR is fully covered, the residual flux could be continuum emission from the quasar host galaxy. Indeed, Zafar et al. (2011) suggest that this possibility could account for the trough of the associated DLA towards Q0151+048A not going to zero.
In the most striking example towards SDSS J0148+1412, an intervening DLA with a trough at zero occurs along the same line-of-sight as an associated DLA with a trough distinctly above zero (Figure 20) . Remarkably, both the intervening and the associated DLA show narrow Lyα emission. The line-of-sight towards SDSS J1635+1634 (Figure 21 ) also has an associated and an intervening DLA, separated by only ∼5 025 km s −1 . However, no narrow Lyα emission is detected in either DLA trough. Again, the bottom of the intervening DLA trough is at zero, while the associated DLA trough is slightly above the zero-level. If this offset in the associated DLA flux is due to partial coverage, we would expect to also detect narrow Lyα emission. Potentially, the covering factor is one and the flux from the lowerredshift galaxy creates the small zero-level offset in the associated DLA. Another explanation could be that the quasar has no detectable Lyα emission.
Partial coverage of absorption systems is an interesting phenomenon that can constrain the relative sizes of the foreground and background objects (see e.g., Balashev et al. 2011) . The absorber radius, r DLA , along with the column density, can then be used to estimate the H i number density, n H i , assuming a spherical absorber: n H i = N(H i)/r DLA . The average H i column density for the associated DLAs with detected narrow Lyα emission is 10 21.53 cm −2 . If the DLA absorber is on the order of 10 -100 pc, then n H i ≃ 11 − 110 cm −3 . For smaller-sized absorbers, we could expect to find H 2 gas, since it occurs in systems with n H i 100 cm −3 (Srianand et al. 2005 ). However, due to the low resolution and S/N in SDSS spectra, only rare systems with H 2 column density log N(H 2 ) 18.5 cm −2 can be detected (Balashev et al., in prep). 
Discussion and Conclusions
Thanks to the large number of z > 2 quasar lines-of-sight surveyed with SDSS-III BOSS, we have uncovered an unprecedented sample of strong associated DLAs that reveal narrow Lyα emission superimposed in their troughs. The number of associated DLAs in our statistical sample exceeds the anticipated number calculated from the N(H i) distribution function by ∼ 2.4. This overdensity of DLAs is consistent with expectations based on what we know about galaxy clustering.
We propose that when no narrow Lyα emission is detected in the trough of an associated DLA the absorber is a galaxy near to the quasar host, and when the absorber blocks the ∼1 pc BLR without also obscuring the extended Lyα emission the associated DLA arises from dense clouds of H i gas in the quasar host galaxy. However, efforts to distinguish two populations of DLA sources from the statistical sample are inconclusive. DLAs with the largest W 0,Si ii and W 0,Al ii have no Lyα emission, but this trend does not hold for W 0,C ii and W 0,Fe ii . The low resolution and S/N of BOSS spectra limits our ability to investigate this issue. With higher resolution and higher S/N spectra, we would be able to measure the column densities and study properties, such as the depletion, in greater detail.
Geometrical effects between the quasar host and a nearby galaxy could produce a configuration that transmits the narrow Lyα emission. Potentially, the weakest narrow Lyα emission occurs when the absorber is a nearby galaxy and the strongest narrow Lyα emission occurs when the absorber is an H i cloud associated with the galactic environment. A continuum of such configurations would explain the lack of distinct characteristics for the two absorber populations. Additionally, the NLR may be significantly extended in quasar host galaxies, beyond 10 kpc (Netzer et al. 2004; Hainline et al. 2013) . Zafar et al. (2011) determined that a Lyα blob located more than ∼ 30 kpc from Q0151+048A is both the source of Lyα emission in the DLA trough and associated with the quasar host galaxy. With long slit spectroscopy, we could pinpoint the location of the narrow Lyα emission relative to the quasar and investigate the extent of emission regions in quasar host galaxies.
The symmetrical profile of the narrow Lyα emission peaks, which is strikingly different from what is seen in LBGs, supports the idea that the gas in the DLA is not directly associated with the emission region and that the H i content of this emission region is low. The line profile symmetry and lack of velocity offset for the Lyα emission peak with respect to the DLA center indicate that there is not a continuous distribution of H i gas in the emission region to scatter the Lyα photons. We have compared the Lyα luminosities in our sample to those of LAEs and radio galaxies. Roughly half of the narrow Lyα emission peaks detected by using DLAs as coronagraphs have luminosities consistent with standard LAEs. We argue that for these quasar host galaxies the DLA is extended enough to cover most of the NLR around the AGN and reduce the luminosity to a value more typical of a star-forming galaxy. The luminosities for the other half of our narrow Lyα emission peaks (25% of the total sample) are higher than what is typical for LAEs. They are comparable to, but smaller than, those of radio galaxies. This is consistent with the fact that the AGN ionizes the surrounding gas, which in turn emits Lyα photons. In these cases, the DLA probably occurs in a small cloud in the host galaxy. Radio galaxies have higher luminosities, since their jets inject energy further from the center.
Partial coverage in an associated DLA with no detected narrow Lyα emission raises the question of whether all quasars have a NLR, since a DLA absorber cannot leave the ∼1 pc BLR partially covered while simultaneously blocking emission across the entire NLR. We can potentially use BALs to investigate the possibility of quasars without emission from the NLR. Like associated DLAs, the gas clouds that create strong BALs in quasar spectra can serve as coronagraphs to obscure emission from the BLR and reveal NLR emission. The BAL clouds are located close to the central engine, so they cannot extend more than marginally into the NLR.
The difficulty with using BALs as coronagraphs, however, is that the spectral flux density in their H i troughs seldom goes to zero, either because the optical depth is not high enough or because the cloud does not cover the BLR completely. We have searched for the very rare ideal occurrences where it is possible to measure Lyα flux from the NLR in a BAL trough. Figure 22 gives an example of a BAL quasar (SDSS J111629.37+320511.5) where no emission is detected. We identify the minimum possible quasar redshift from the C iii] emission peak and limit the maximum to five times the typical blueshift for quasar C iii] emission peaks, 300 km s −1 (Pâris et al. 2012) . The small rise in flux density at ∼4480 Å corresponds to the transition between the N v and Lyα BAL troughs ( Figure 23 ) and is unlikely to be narrow Lyα emission. This BAL quasar provides definite evidence that no Lyα emission is detected from the NLR of some quasars.
Before further speculating about this intriguing fact, we must check if [O iii] emission is present in the BAL quasar spectra that lack narrow Lyα emission. X-shooter (Vernet et al. 2011 ) on the VLT would be the ideal instrument for obtaining additional spectroscopic data, since its wavelength coverage extends from the ultraviolet to the near-infrared.
Definitively interpreting why some associated DLAs reveal narrow Lyα emission while others do not is not possible with low-resolution spectra. Future observations with an Integral Field Unit (IFU) or higher resolution spectra taken with multiple position angles for each quasar are essential to make progress in this domain. Associated DLAs with narrow Lyα emission potentially offer a unique probe of the quasar host galaxy. The DLA provides a measure of the gas composition in the galactic environment, while emission from the NLR can be linked to ionization. Such systems could provide important insight into the effect of AGN feedback on their host galaxies. 
